Abstract. We sampled potential food items of American Flamingos (Phoenicopterus ruber ruberj in the CelesttTtn Estuarv. Yucatan. Mexico. from October 1992 to January 1993, to explore the influence of food-density and distribution on flamingo behavior in relation to the ideal free distribution model. Food items were found in the substrate and vegetation and were dominated by four groups: gastropods (40%), muskgrass bulbils (260/o), crustaceans ( 1 lob), and chironomids (10%). Overall, food was patchily distributed and food abundance decreased over time. Flocks initially concentrated in areas where food was most abundant, but appeared to deplete food resources in these areas after which they dispersed throughout the CelestGn Estuary. Time spent feeding also was lower in the first two time blocks (X = 26%) when food was most abundant, and then increased and remained constant (56Oh) in the remaining five time blocks. Mean flock size was 457, and did not differ among locations through time, except in the last time block when flocks tended to be larger (X = 821). We concluded that the distribution of flamingo flocks was consistent with the ideal free model based on food density and distribution, but that major perturbations (storms) can dramatically affect flamingo distribution. However, relative payoff for individuals within flocks has yet to be determined.
We were interested in exploring how food density and distribution affects distribution and behavior of nonbreeding American Flamingos. A basic model that incorporates these aspects of habitat selection is the ideal free model (Fretwell and Lucas 1970), which assumes (1) that individuals are ideal in their perception of food patch profitability (i.e., they select the habitat best suited for survival and reproduction), and (2) that individuals are free to enter any habitat. The model also assumes that resources are distributed in patches and that individuals are equal in their competitive abilities. As a result, the proportion of individuals in each patch matches the proportion of resources in that patch (Kacelnik et al. 1992 ) whereby average payoff for individuals should be equal across patches regardless of food density. A related prediction based on this model is that if the amount of food available in [3251 one site is higher than others, individuals should move into this site, but as more individuals occupy the patch it becomes less profitable as a result of depletion. Also, as the number of individuals in a patch increases, so does interference, whereby an individual' s payoff is reduced as a result of competition (Milinski and Parker 199 1). The ideal free model predicts that at equilibrium, all predators distribute themselves whereby the interaction of food abundance and interference balance, and each individual receives the same payoff (Sutherland 1983).
In Mexico, the population of American Flamingos on the Yucatan Peninsula constitutes the northernmost mainland flock in the Americas. This population breeds in the Rio Iagartos and Uaymiturt area from April to September, but scatters along the northern coast of the Yucatan Peninsula during the nonbreeding season when up to 75% can occur in the Celestun Estuary (Espino-Barros and Baldassarre 1989). The objective of our study was to explore the influence of food density and distribution on the distribution and behavior of nonbreeding American Flamingos in Yucatan, Mexico, and relate these data to predictions of the ideal free model.
STUDY AREA
We conducted the study on the Celest&n Estuary, on the northwest coast of the Yucatan Peninsula, Mexico (Fig. 1) 
METHODS

FOOD SAMPLING AND ESTUARY CHARACTERIZATION
The few food habits records of American Flamingos show that their diet includes organic ooze, widgeongrass seeds, muskgrass oogonia and bulbils, annelids, mollusks, crustaceans, and insect larvae (Gallet 1950 , Allen 1956 , Rooth 1965 , and Schmitz et al. 1990 ). Our sampling design targeted these plant structures and macroinvertebrates.
We established 22 permanent transects at 500-m intervals north of the bridge and perpendicular to the length of the Celestun Estuary. We then selected two random points along each transect, one east and one west of the transect marker. Potential food items in the rooted vegetation then were sampled by filling a 250-ml beaker with vegetation collected with a 15 x 1 5-cm2 Eckman dredge. Potential food items in the substrate were sampled by removing a section of substrate with an E&man dredge; to ensure sampling a constant volume, an 1 l-cm diam x 7-cm deep core was removed and strained through a l-mm mesh sieve. We sampled the water column by moving a 30-cm diameter dip net back and forth 1 m (2 m total) just below the surface of the water. Sampling was conducted from a boat to minimize disturbance of the site.
All samples were preserved in 70% ethanol and taken to the laboratory for identification and counting. Numbers of potential food items from vegetation, substrate, and water column samples were combined because flamingos feed within all three strata (Allen 1956, Rooth 1965, Schmitz and Baldassarre 1992b).
We conducted seven sampling rounds, the first on 12 and 13 October 1992 during which all transects were sampled. Subsequent sampling rounds occurred at 8-12 day intervals starting on 15 November 1992 and ending on 5 January 1993, during which a subset of 2-5 transects was sampled. The subset was chosen randomly for the second round. We alternated sampling of odd or even number transects thereafter.
We prepared a vegetation map of the Celestun Estuary by conducting a qualitative vegetation survey on 30 September 1992. We also noted vegetation type at all sample sites, which revealed that underwater vegetation was distrib- uted in a north-south gradient. Generally, widgeongrass dominated the lower one-third of the Celesturr Estuary near the bridge, muskgrass dominated the northern one-third, and a transition zone of mixed widgeongrass-muskgrass occurred from approximately 3.0-5.5 km north of the bridge. Thus, we divided the estuary into three vegetation zones (1, 2, 3) south to north. We further divided these zones into an east (E) and west(W) section because vegetation biomass in the west was greater than in the east, hence there was a total of six sample locations (1 E, 1 W, 2E, 2W, 3E, 3W).
We used a portable refractometer to measure salinity at the center of each transect. We took measurements two and seven days after a 1 October 1992 storm, and once during November and December 1992. We monitored water level by taking measurements every l-2 days from a permanent marker at the bridge that was 10 m in from the edge of the estuary.
Salinity was compared among zones and FELICITY ARENGO AND GUY A. BALDASSARRE months using analysis of variance (ANOVA). Data from potential food items were grouped by location and compared among sampling rounds using ANOVA. Analysis of potential food items was performed on the total number of food items, then on plant structures (widgeongrass seeds, muskgrass oogonia and bulbils combined), gastropods (only Lymnaeidae), crustaceans (all groups combined), and chironomids because these were the most abundant groups. Post-hoc comparisons among means were done using the Fisher' s protected least significant differences test. We also noted flock size and location in the CelestGn Estuary using the transect markers as reference points. We defined a flock as a continuous group of individuals that were within at least 30 m of each other. We recorded flock density as of 3 December and classified it qualitatively as packed (three or more individuals within one body length), medium (one individual within one body length, three within stretched neck length), and loose (at most, one individual within neck length); density numbers were assigned 1, 2, and 3, respectively. On days when behavior was sampled, we were usually able to watch all flocks present on the Celesttin Estuary. Total numbers of flamingos in the estuary were determined three times in October, then once monthly from November 1992 through February 1993.
Data were averaged by location and grouped into seven time blocks of 1 O-l 3 days each (centered on the food sampling dates); time block 1 = 17-3 1 Ott, time block 2 = 1 l-2 1 Nov, time block 3 = 22 Nov-1 Dee, time block 4 = 2-l 1 Dee, time block 5 = 12-2 1 Dee, time block 6 = 22 Dee-1 Jan, and time block 7 = 2-l 1 Jan. We used ANOVA to compare all behavioral data among time blocks. Post-hoc comparisons among means were done using the Fisher' s protected least significant differences test. We compared means of time spent feeding and in aggressive encounters among flock size categories of 100, 250, 500, 750, 1,000, and 1,500. Data were assigned to a category by approximating actual flock size to the nearest category value.
RESULTS
ESTUARY CHARACTERIZATION
After the storm on 1 October 1992, water levels at the edge of the CelestCn Estuary nearly tripled from an average of 55 cm to 140 cm; prestorm water level was not reestablished until early November. Salinity averaged 35 ppt one day after the storm, declined to 16 ppt six days later, and stabilized at 6-7 ppt thereafter (Table 1) . Overall, salinity differed among sampling dates (P < 0.0 1) within each zone except between November and December in zone 2 (P = 0.04). Salinity differed among zones on three of the four sampling dates (I' = 0.02-0.05).
FOOD SAMPLING
We found 15 invertebrate taxa, most of which were identified to the order or family level (Table TABLE 2 2). Only one water column sample contained potential food items (three crustaceans), thus most food items were distributed in the vegetation and substrate. Of the animal sources, gastropods were the most abundant (40% of all potential food), followed by crustaceans (11 o/o), and chironomids (10%); the remaining 12 taxa comprised 3%. Of the three plant items, muskgrass bulbils were the most abundant (26% of all potential food), followed by widgeongrass seeds (6%) and muskgrass oogonia (4%). All potential food items were found in all time blocks (Ott-Jan), with the exception of chironomids, which were not found in time block 1. Means of the four main categories of potential food items (total number, plant items, gastropods, chironomids) were not different (P = 0.13-0.99) within locations among time blocks. Pooled means from the six locations exhibited a decreasing trend in total number of food items over time (Fig. 2) .
There were, however, a few statistical differences among locations within time blocks l-3 (Fig. 3) . In time block 1, locations El and E2 were not different (P = 0.25) and had the highest mean total number of food items (P = O.OOl-0.02) and gastropods (P = 0.01-0.04) compared to the remaining locations. Crustaceans, which did not differ between El and Wl (P = 0.06), were higher there than at other locations (P = 0.001-0.03). In time block 2, locations E2 and W2 did not differ (P = 0.5) and had the highest mean total number of food items, mainly due to differences in plant items (P = 0.001-0.04). Chironomids differed among locations within time blocks 3, 5, and 6, being most abundant in E2 (P = 0.003-0.03) during time block 3, and E3 and W3 (P = O.OOSXl.02) in time block 5. Crustaceans tended to be scarce or absent in E3 and W3. All other comparisons were not significant (P > 0.05).
Flock attributes and behavior. Total number of flamingos in the CelestGn Estuary increased from none on 1 October 1992 to 5,700 on 23 February 1993 (Fig. 4) . The number of feeding flocks also increased, from none to eight on 21 January 1993 (Table 3) . Overall, flock size ranged from 14 on 17 October 1992 to 2,500 on 23 January 1993 (mean = 457, SE = 28, n = 192). Flock sizes did not differ (P > 0.05) among locations within time blocks, except in time block 7 (P < O.Ol), when flocks > 1,000 occurred in 39% of the observations (mean = 82 1, SE = 155, n = 18). Flock density did not vary over time, ranging from loose to packed in all locations, except in time block 7 (P = 0.02) when flocks tended to be looser in E2 and W2, and packed in E3 and Wl.
All feeding flocks initially concentrated in E2 during time blocks 1 and 2 (October+arly November), but expanded to occupy five of the six locations by time block 7 (February). Among all flocks observed, 72% were on the east side of the estuary, and birds never were observed in location W3.
Flamingos were observed feeding in the substrate and vegetation using the stamp-feed method 75% of the time and walk-feed method 25% of the time. They were not observed filter feeding within the water column. Time spent feeding in We used behavioral data from time blocks 3-7, when food distribution was least variable, in order to determine whether time spent feeding and in aggressive encounters changed as flock size increased. Neither mean time spent feeding (45-58%; overall x = 56%) or in aggressive encounters (3-5%) was different among flock size categories (P = 0.39 and 0.36, respectively).
DISCUSSION
INFLUENCE OF FOOD ON FLAMINGO BEHAVIOR AND DISTRIBUTION
Flamingo flocks in the Celestun Estuary appeared to be distributed as predicted by the ideal free model because (1) groups of birds initially settled in patches where food density was highest (i.e., E2), and (2) as food declined in these patches, flocks distributed themselves over other patches. These latter patches had similar food density and average time spent feeding by flocks in each patch also was constant (i.e., 56%).
All flamingos initially established in E2 during time block 1, continued to feed there during time block 2, although potential food items were then most abundant in nearby locations El and W2 contradictory to the ideal free model. Flamingos may have initially located in E2 because of prior experience, sampling, or cuing in the presence of other flamingos (see review in Stephens and Krebs 1986). They possibly remained in E2 during time block 2 because there were only an average of 700 birds present, thus they may have satisfied food requirements. By time block 3, however, flamingos had moved to E 1, and from blocks 4-7 had expanded to occupy all locations in the Celestun Estuary (except W3). Flamingos likely moved into these locations because by time block 4 they had reduced the food resources in E2 and El to similar levels of other locations (Fig. 3) . Hence, payoff among locations was probably equal, as reflected by the constant feeding time; equal payoff is a prediction of the ideal free model.
By 
ENVIRONMENTAL INFLUENCES
Although our data on food density and distribution on the behavior of feeding flamingos seemingly support the ideal free model, major disturbances clearly overpowered same in the Celestun Estuary. For example, flamingos cannot feed by treading the bottom (the primary method we observed) when water depth exceeds 60 cm (Allen 1956). Some flamingos during our study were present in the Celestun Estuary before the 1 October storm, but none were seen until two weeks after, when water depths returned to 60 cm.
Following the storm, we suspect that the increased salinity caused muskgrass biomass to decline to zero. However, new growth of muskgrass occurred by 15 November, dense beds were observed by 25 December, and by February 1993 growth had surpassed levels prior to the storm. We did not observe flamingos feeding in location W3 where beds of muskgrass were densest, and flamingos generally were observed feeding more frequently in the eastern side of the Celesttin Estuary where vegetation biomass was lower. Gallet (1950) also suggested that dense vegetation excluded feeding flamingos.
